In this study, we investigated the distribution of Legionella species in water cooling towers located in different parts of Malaysia to obtain information that may inform public health policies for the prevention of legionellosis. A total of 20 water samples were collected from 11 cooling towers located in three different states in east, west and south Malaysia. The samples were concentrated by filtration and treated with an acid buffer before plating on to BCYE agar.
INTRODUCTION
The genus Legionella was first established after a severe outbreak of pneumonia in Philadelphia, USA, in 1976, which resulted in 239 cases and 34 deaths (Fraser 2005) .
To date, 50 species of Legionella have been described of which at least 21 are associated with human infections (Coscolla & Gonzalez-Candelas 2007) . Legionella pneumophila serogroup 1 alone is believed to be responsible for 60-80% of legionnaires' disease; serogroups 2-14 account for another 15 -35% and other Legionella species are associated with the remaining infections (Yu et al. 2002) .
Legionnaires' disease is identified as a communityacquired pneumonia that can present as sporadic infections or outbreaks (Kusnetsov et al. 1997; Liang et al. 2006; Joseph & Ricketts 2007) . Transmission is via the inhalation or aspiration of aerosols contaminated with legionellae mostly from water cooling towers and other man-made water systems. Travel-associated legionnaires' disease has been increasingly reported in Europe and the USA where there has been a dramatic increase in the incidence of legionellosis since 1990 (CDC 2007; Neil & Berkelman 2008; Ricketts et al. 2008 ).
Many epidemiological studies have shown the link between environmental and clinical strains of Legionella, and environmental surveillance programmes can provide useful data for risk assessment of outbreaks (Huang et al. 2004; Harrison et al. 2007) . Even though no outbreaks of legionnaires' disease have been documented in Malaysia, Legionella organisms have been shown to be present in the environment (Ngeow et al. 1992) . Legionella were found in water cooling towers and in hospital warm water supplies doi: 10.2166/wh.2009 .002 (Ngeow et al. 1992; Chin et al. 2003 Chin et al. -2005 . As these environmental reservoirs may be the source of clinical disease, it is of interest to know the distribution of Legionella species and serogroups in them. In this study, Legionella isolates from water cooling towers in various parts of Malaysia were serogrouped by latex agglutination with antisera and speciated by16S rRNA and rpo B DNA sequencing. The 16S rRNA and rpo B gene sequences obtained were also used to study phylogenetic relationships among the Legionella isolates.
MATERIALS AND METHODS
Reference strains of Legionella species Samples from towers 7-11 were collected by the authors from cooling towers located in different buildings in west peninsular Malaysia (Table 1) . Water samples (500 ml) were collected from each cooling tower by immersing a sterilized 1-litre bottle approximately 10 cm below the surface of water. The water sample was then kept on ice, delivered to the laboratory and processed within 48 hours of collection, as described in the Australian/New Zealand Standard (AS/ NZS 3896:1998) for waters: examination for legionellae including L. pneumophila.
Water processing
Each water sample was pressure filtered through a 0.45 mm cellulose nitrate membrane (Millipore) and eluted with 10 ml of sterile phosphate buffered saline (PBS pH 7.2 , 7.3). This was followed by 20 minutes of centrifugation at 4,000 rpm. The resulting sediment was resuspended in 1 ml sterile distilled water.
Acid treatment of concentrated filtrate
The 1 ml of bacterial suspension was acid treated with 9 ml of HCl-KCl pH 2.2 (0.1 M Tris HCl, 0.1 M KCl) for 30 minutes, after which 100 ml of the treated suspension was plated on BCYE-GVPC medium (Oxoid Ltd, Basingstoke, UK).
Identifying and quantifying Legionella-like organisms on BCYE-GVPC medium After incubation at 378C for up to 10 days in 5% CO 2 , glassy-looking colonies resembling Legionella were selected and sub-cultured onto Horse Blood Agar (FC Bio Sdn.
Bhd., Malaysia) and BCYE-GVPC media. Colonies growing on BCYE-GVPC agar but not on HBA were presumptively identified as Legionella-like organisms. The number of suspected Legionella colonies on each BCYE-GVPC agar was counted and CFU ml 21 were calculated by multiplying the total number of colonies by the dilution factor and dividing by the volume of inoculum.
Characterization of Legionella-like organisms using latex slide agglutination test
A few colonies from each positive water sample were used for latex slide agglutination with test kits (Dryspot Legionella Latex test; Oxoid Ltd, Basingstoke, UK) for serogroup (SG) 1, SG 2 -14 and Legionella species.
The Legionella species kit contains rabbit antisera against South peninsular Malaysia 
Tower 10(Office tower) 200 -2,000 CFU ml 
PCR primers and reactions
The 16S rRNA PCR primers used were previously described by Miyamoto et al. (1997) . PCR was performed using 20 ng of template DNA, 10 mM of each primer, 1 £ reaction buffer, 2.2 mM MgCl 2 , 0.4 mM deoxyribonucleoside triphosphate mix and 1 U of Taq polymerase per 25 ml reaction.
The thermocycling conditions used were: 958C for 4 minutes, 35 cycles of 958C for 1 minute, 608C for 1 minute, 728C for 1 minute and 728C for 5 minutes. The PCR reaction mixture and thermocycling parameters to amplify rpo B genes were as described by Ko et al. (2002) .
DNA sequencing
PCR amplicons for partial 16S rRNA (600 bp) and rpo B (360 bp) genes were purified using GenElute PCR clean-up kit (Sigma-Aldrich) prior to DNA sequencing. All DNA sequencing reactions were performed by using dye primer and dye terminator chemistries in LI-COR w NEN 4200
Global IR2 DNA Sequencing System and ABI w PRISM DNA Sequencers.
Phylogenetic analyses
Multiple sequences of all isolates and reference strains of Legionella were aligned using Clustalw2 (Larkin et al. 2007) prior to plotting phylogenetic trees to reveal the DNA relatedness among them. Phylogenetic trees were constructed by the neighbour-joining method (NJ) in MEGA version 4 (Tamura et al. 2007) . Coxiella burnetii, the aetiological agent of Q fever, was employed as the outgroup in both trees. The clusters in both trees were defined as groups of isolates sharing more than 97% homology in DNA sequences. Branch bootstrap values were evaluated with 1,000 replications.
RESULTS

Legionella counts
The viable counts of Legionella-like organisms ranged from 100 to 2,000 CFU ml 21 water in the cooling towers screened. Repeat samples were taken from four cooling towers. In the absence of water treatment, repeat samples from the same cooling tower gave CFU counts that were mostly within 1 log different (data not shown).
Latex slide agglutination
All reference strains were correctly identified by the latex agglutination test as either L. pneumophila or nonpneumophila species. As shown in Table 1 Legionella isolates were identified as L. pneumophila (Ngeow et al. 1992) .
The frequent occurrence of L. pneumophila in water cooling towers may be related to its enhanced resistance to chlorine disinfection or its ability to persist for long periods of time in the environment despite susceptibility to chlorine (Kuchta et al. 1985; García et al. 2008) . The latter has been attributed to the bacterium's existence inside amoebae and within biofilms, both of which provide protection from chlorination (Bichai et al. 2008) . Older cooling towers, especially those with corrosion and sedimentation of sand and minerals are more prone to biofilm formation and Legionella proliferation. In Malaysia, the warm humid weather could be another factor favouring the long-term survival of the organism in the environment.
Latex slide agglutination tests are commonly used in the diagnostic laboratory because they are simple and rapid.
However, the sensitivity and specificity of the agglutination test depend on the surface antigens of bacteria and the antisera used. In this study, the Dryspot Legionella Latex test was negative in one L. pneumophila isolate and wrongly diagnosed two L. pneumophila isolates as nonpneumophila species, thus giving a sensitivity of only 85.7% In summary, although there have been no documented outbreaks of Legionella infection in Malaysia, the high rate of contamination in water cooling towers is a cause for concern. Routine screening for Legionella in water cooling towers is not yet mandatory in the country but is encouraged, as it will not only help to prevent outbreaks by monitoring the level of contamination and prompting corrective actions when levels are high, but will also help to confirm or refute the effectiveness of maintenance measures in place.
